Little information is available regarding the minimum number of lymph nodes needed to accurately stage patients when performing a mesenteric lymphadenectomy for small-bowel neuroendocrine tumors.
S mall-bowel neuroendocrine tumors (SB-NETs) are a rare subset of tumors of the gastrointestinal tract. Neuroendocrine tumors of the jejunum and ileum have more than 3 times higher incidence and an 11-month lower median overall survival than tumors in the duodenum. 1 Although some SB-NETs secrete bioactive products, most are clinically silent until they present late in their course with mass effects. These tumors consist of a complex heterogeneity of disease, and they have not been associated with a substantial improvement in overall survival in the past 30 years. 2 A surgical procedure has remained the primary method of cure in patients with SB-NETs, even with advancements in the therapeutic armamentarium. 3, 4 As with other solid-organ malignant neoplasms, the presence of lymph node metastasis plays a substantial prognostic role in SB-NETs. Changes in the cytokine milieu, the expansion of immunosuppressive cell lineages, and an increase in lymphangiogenesis all contribute to the seeding, survival, and subsequent expansion of tumor cells within the lymph node. 5, 6 Surgical resection of tumor-draining lymph nodes has come under scrutiny, especially in more superficial tumors, where an extended lymph node dissection is often associated with substantial morbidity for patients. 7 In SB-NETs, however, regional mesenteric lymphadenectomy has been associated with improved survival. 8, 9 Nonetheless, the extent of lymphadenectomy has come under question. Patients with too few resected lymph nodes can be understaged, whereas the resection of a greater number of lymph nodes may enable the detection of clinically silent lymph node metastases. [10] [11] [12] To circumvent the limitation of the number of lymph nodes procured, several groups have proposed using the lymph node ratio, or the number of tumor-positive lymph nodes divided by the total number of lymph nodes resected, as a way to place patients in prognostic stage groups. [13] [14] [15] [16] [17] Increasing the lymph node ratio, as opposed to the total number of positive lymph nodes, may aid in a more accurate prognosis for patients with a solid-organ malignant neoplasm. Little information is available regarding the minimum number of lymph nodes needed to accurately stage patients when performing a mesenteric lymphadenectomy for SBNETs. Furthermore, few studies address the role of lymph node ratio in these patients. In this study, we aimed to (1) use a large, multi-institutional database to define the prognostic role of lymph node positivity and the number of positive lymph nodes in SB-NETs; (2) determine the ideal number of lymph nodes for accurately staging patients with these tumors; and (3) determine the prognostic value of the lymph node ratio in these patients.
Methods
The US Neuroendocrine Tumor Study Group (US-NETSG) was established in 2016 as a collaboration among 8 institutions: Emory University (Atlanta, Georgia), The Ohio State University (Columbus), Stanford University (Stanford, California), Virginia Mason University (Seattle, Washington), Vanderbilt University (Nashville, Tennessee), University of Michigan (Ann Arbor), University of Wisconsin (Madison), and Washington University in St. Louis. The purpose of the US-NETSG was to build a platform to collect clinical, pathologic, and follow-up data retrospectively from academic and quaternary referral centers that treat high volumes of NETs. This study obtained approval from the institutional review board at each US-NETSG institution, which also waived the need for informed consent from patients. All patients with SB-NETs who underwent curative-intent surgical resection of a primary tumor between January 1, 2000, and December 31, 2015, were included. Patients with duodenal or ampullary tumors, other nonneuroendocrine concurrent malignant neoplasms, mortality of fewer than 30 days after the surgical procedure, and distant metastatic disease were excluded. Data analysis was conducted from September 1, 2017, to December 1, 2017.
Baseline demographic, perioperative, and pathologic data were collected retrospectively. Surgical pathologic specimens were reviewed by expert gastrointestinal pathologists at each institution. Staging was based on the guidelines of the American Joint Committee on Cancer (AJCC) Cancer Staging Manual, 7th edition. 18 Survival and recurrence data were collected from the electronic medical record system of each US-NETSG institution, the Social Security Death Index, and publicly available obituaries. The primary outcome studied was the association among variables of lymph node involvement (ie, lymph node positivity, number of positive lymph nodes, extent of lymphadenectomy, and lymph node ratio) with recurrence-free survival (RFS). Disease recurrence, defined as the radiographic evidence of recurrent disease, was detected through crosssectional imaging (using either computed tomographic scan or magnetic resonance imaging); however, no standardized surveillance protocol between institutions was used during the study period.
Statistical Analysis
All statistical analysis was conducted using SPSS, version 22.0 (IBM Inc). The χ 2 test was used to compare categorical variables, and an unpaired, 2-tailed t test was used for continu-
Key Points
Questions Is lymph node positivity associated with disease recurrence in patients with small-bowel neuroendocrine tumors, and how many lymph nodes are needed to accurately stage patients undergoing curative resection?
Findings This case series involving 199 patients who underwent curative-intent resection of a primary small-bowel neuroendocrine tumor found that lymph node positivity alone was not associated with disease recurrence; rather, a threshold of 4 positive lymph nodes was needed to see earlier disease recurrence. Retrieval of 8 or more total lymph nodes accurately discriminates recurrence-free survival in patients with 4 or more, 1 to 3, or 0 positive lymph nodes.
Meaning Having 4 or more positive lymph nodes is associated with earlier disease recurrence, and a minimum of 8 lymph nodes are needed to stage patients with small-bowel neuroendocrine tumors. ous variables. Univariable Cox proportional hazards regression analysis was used to determine the association of the variables of lymph node involvement with RFS. KaplanMeier survival plots for RFS were constructed to compare patients with differing variables of lymph node involvement. Statistical significance was defined as 2-sided P < .05.
Results
Of the 2182 total patients within the US-NETSG database, 199 underwent curative-intent resection of a primary SB-NET. Demographic characteristics are listed in Table 1 . This cohort of patients consisted of 112 men (56.3%) and 87 women (43.7%), with a mean (SD) age of 60.3 (12.5) years and a mean (SD) body mass index of 29.5 (6.0) (calculated as weight in kilograms divided by height in meters squared). Pathologic characteristics are listed in Table 2 . Notably, 20 patients (10.1%) had multifocal small-bowel tumors, 17 (8.7%) had R1 resections, and 13 (7.4%) had moderately differentiated tumors. One hundred fifty-four patients (77.4%) had lymph node-positive disease. The median (interquartile range [IQR]) number of lymph nodes retrieved was 13 (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) , and the median (IQR) number of positive lymph nodes was 3 (1-5). The median (IQR) follow-up time was 39 (25-72) months, and the median RFS was not reached. Of the 32 patients (16.1%) who experienced disease recurrence, 9 (28.1%) were local recurrences, 22 (68.8%) were distant recurrences, and 1 (3.1%) was both a local and distant recurrence.
When examining lymph node positivity as a dichotomous variable, we observed no difference in RFS between patients who were lymph node positive and those who were lymph node negative (P = .19; Figure 1A ). Further analysis of the number of positive lymph nodes revealed that 1, 1 to 2, 2, or 3 positive lymph nodes was or were not associated with a reduced RFS compared with lymph node-negative disease ( Figure 1B-D) . Once the threshold of 4 positive lymph nodes was reached, however, a substantial reduction in RFS occurred. Patients with 4 positive lymph nodes had a worse 3-year RFS compared with patients with 1 to 3 positive lymph nodes or with negative lymph nodes (81.6% vs 91.4% vs 92.1%; P = .01; Figure 1E ). On univariable Cox regression analysis, the presence of 4 or more positive lymph nodes was significantly associated with decreased RFS (hazard ratio [HR], 3.32; 95% CI, 1.51-7.28; P = .003). When further analyzed in relation to other clinicopathologic factors in a multivariable model (specifically race/ethnicity, sex, age, tumor differentiation, and final resection status), only the presence of 4 or more positive lymph nodes was associated with decreased RFS (HR, 3.03; 95% CI, 1.30-7.06; P = .01).
When considering the extent of lymphadenectomy, retrieval of 8 or more lymph nodes was associated with a higher Abbreviation: IQR, interquartile range. 93.8% vs 91.7%; P = .87; Figure 2A ). However, in patients with 8 or more lymph nodes retrieved, there was accurate discrimination of RFS in patients with 4 or more positive lymph nodes, 1 to 3 positive lymph nodes, or negative lymph nodes (79.9% vs 89.6% vs 92.9%; P = .05; Figure 2B ). When evaluating lymph node ratio, we found that the median (IQR) lymph node ratio for the entire cohort was 0.25 (0.14-0.45). When performing Cox regression analysis to analyze the association between the lymph node ratio and RFS, we observed no association between the lymph node ratio and a decreased RFS (HR, 1.6; 95% CI, 0.422-5.83; P = .50). We further grouped patients by increasing the values of the lymph node ratio (≥0. 25 
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Discussion
Small-bowel neuroendocrine tumors frequently metastasize to regional lymph nodes, but the association of lymph node involvement with disease recurrence has not been defined. This study found that most patients with SB-NETs who undergo resection have lymph node-positive disease (83.5%). Patients who undergo resection of these tumors have a median of 13 lymph nodes retrieved during regional mesenteric lymphadenectomy and a median of 3 lymph nodes with tumor involvement. Lymph node positivity alone is not associated with decreased RFS; rather, having 4 or more positive lymph nodes is significantly associated with earlier disease recurrence compared with having 1 to 3 positive lymph nodes or negative lymph nodes. To prevent understaging of these patients, an extended lymphadenectomy of at least 8 lymph nodes is required to adequately discriminate between those patients with 4 or more positive lymph nodes and patients with 1 to 3 positive lymph nodes or with negative lymph nodes.
Tumor nodal status is one of the most important prognostic markers for solid-organ malignant neoplasms. As tumors develop, they gain increased genetic heterogeneity, which is associated with tumor progression and subsequent spread. 19 Tumors often travel in a predictable fashion, from local sites to sentinel lymph nodes, as they progress to distant sites. 20 This pattern of spread has been used clinically in the treatment of melanoma as well as breast, head and neck, upper gastrointestinal tract, gynecologic, and genitourinary cancers. 21 Whereas the goal of sentinel lymph node mapping is to minimize the morbidity of extended lymph node dissections in more superficial cancers, the goal of extended lymphadenectomy in gastrointestinal cancers is to harvest sentinel lymph nodes and remove all regional draining nodal basins and accurately stage patients. Traditional staging systems for many solid-organ malignant neoplasms include lymph node positivity and the number of positive lymph nodes as prognostic variables. Several groups have found that separating patients by the number of tumor-positive lymph nodes after surgical resection, as opposed to just being positive or negative, can provide superior ability to estimate the likelihood of recurrence and survival. 22, 23 In SB-NETs, lymph node involvement is also characterized as a prognostic factor. In the AJCC Cancer Staging Manual, 7th edition, TNM classification places patients with regional lymph node metastasis (N1) as having stage IIIB disease. 18 In the AJCC Cancer Staging Manual, 8th edition, patients are distinguished by N0 (no regional lymph node metastasis), N1 (lymph node involvement in fewer than 12 nodes), and N2 tumors (large mesenteric masses [>2 cm]) and/or by extensive nodal deposits in more than 12 lymph nodes (especially those that encase the superior mesenteric vessels). 24 The AJCC Cancer Staging
Manual, 8th edition, categorizes patients as having either stage III or IV disease according to the extent of nodal involvement. These staging guidelines, however, are designed to estimate overall survival rather than RFS. Given that neuroendocrine tumors are generally indolent tumors that are more likely to recur than cause death within a study period, this study focused on disease recurrence rather than overall survival. This study recapitulates the AJCC Cancer Staging Manual, 8th edition, in that the patients were also divided into 3 prognostic cohorts that were similar to the N0, N1, and N2 groups of the guidelines but differed in the number of positive lymph nodes. We found that patients with 4 or more positive lymph nodes had worse RFS compared with patients with 1 to 3 positive lymph nodes and those with negative lymph nodes. Furthermore, no difference in RFS was found among patients with 0, 1, 1 to 2, 2, or 3 positive lymph nodes. This finding may provide an accurate prognostic model for disease recurrence after resection and potentially guide surveillance strategies and inclusion criteria in future trials assessing the value of adjuvant therapy.
In several gastrointestinal cancers, the optimal regional lymph node dissection during curative-intent resection is debated, as extended lymphadenectomy may confer better staging, disease control, and survival. For gastric cancer, Smith et al 25 reported that overall survival was dependent on the number of lymph nodes examined, with a survival advantage found with every 10 lymph nodes examined up to 40 lymph nodes. In colon cancer, more than 12 lymph nodes are needed to accurately stage tumors. 26 In our study of SBNETs, we found that a regional lymphadenectomy with retrieval of at least 8 nodes was necessary to accurately discriminate the differences in RFS between patients with 4 or more positive lymph nodes compared with patients with 1 to 3 positive lymph nodes or with negative lymph nodes.
To help offset limitations with lymph node retrieval, several groups have proposed the use of the lymph node ratio as opposed to the total number of disease-positive lymph nodes in the staging of patients. [13] [14] [15] [16] [17] In this study, however, the lymph node ratio was not a useful tool in determining RFS in patients. This may partly be explained by the inclusion in this study of only high-volume academic centers with experienced fellowship-trained surgical oncologists who routinely perform an oncologic regional lymphadenectomy when resecting SB-NETs. The mean lymph node count was high (14 nodes retrieved), which may have limited the lymph node ratio value, despite the presence of multiple positive lymph nodes.
Limitations
This study has several limitations. The retrospective design presents a challenge in capturing complete RFS data. In addition, surgical conduct and pathologic examination of lymph nodes were not standardized across the 8 institutions, which may lead to variability in reporting. Nevertheless, to our knowledge, this study represents one of the largest in the literature focusing on SB-NETs and includes only academic centers that are leaders in the management of gastrointestinal malignant neoplasms. Furthermore, the multi-institutional collaborative design eliminates single-institution bias and includes data from all geographic regions in the United States.
Conclusions
In patients undergoing curative-intent surgical resection of SBNETs, the presence of 4 or more positive lymph nodes is associated with a decreased RFS compared with 1 to 3 positive lymph nodes or negative lymph nodes. Accurate staging of these patients requires a minimum of 8 lymph nodes for examination. The lymph node ratio does not appear to be useful as a prognostic indicator in SB-NETs. Complete regional lymphadenectomy may need to be performed routinely.
